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1 ] 

ijc <o* y -9- 1 , «rsa«»o -t > -9- o mi) \zm^ xmwift^z&tk-r a 
mvmftm t tz Kt»ia»f36©»fiP t m cmr? £ t £ o«riB»f^» * 

T-9 t LXW&-f2>m4<DXTv7t, 

tfiBn**^ Ymftmm&T- 9 iz&tti&mmmm&r-- 9 izttfci- 2>w<mlt- 9 * 

2 ] 

o 

im^m 3 1 

^tt3>^a-^?7^^ lift f* - * -e* 4 W#£ 1 KBM<D n # 
[1**3(4] 

«r « a m <d^x*$> 19 , 

m^2<D^Tv y^Ji, UrSBffijBcOHfllr'- ^ C AM©¥fc^*i.S'IHA3S*:#JitL 
[lff*:g(5] 

«rE«»©H*7'- ^ k«u mm&vm&r-9(Dmi%m*&txftmLtzm%tiv>M 
&.mMMM®Lr- 9 ttix^z m-frm 2ttzi±3 izmmo n # y \ commute* 
[it im. 6 1 

tire* 2©^f?ym B*m^J-e^# LfcH&oflnBiifli'T'- * t moittrfBiiftT'- * 
*x v -fxt\x<tm L^mtx- * ^I^^&•r4^H{rJix^ib«^•^frlB^oli^^tT , - * K*t 

m^zx QYpj&Lxmm*ftj&<DW<&7-9 tmBrnxm^-r^^t^mWitir^m^. 
«riBHflytjE&»ft»^SB«¥s i-mm z nx v> -2, htib«»[ wa« , 7»- ^ t <z>*t/£ *• m# ^ 

«rfBi&»f4A^O^T*2b >9 . 

B&fB^l O^r; yt?tt. WIBAK^#«^i-4 7*-^^n-^fflv^tt. ftrfBT* 

W3^^mi-^^mizmm^<D^>^mm^ixtzm^mLx^^z\t^WLt-r^ 
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9 ] 

- 9 o#tt^i$i: LxM<km<Dm®.0>mi&r- 9 *s« u iNEJigi-frffloaftQiBtt 
mutm 1 0 3 
1 1 1 

mum 3 x ? -fx a, tmmmr- 9 tmmmmumm^^t tmsttttxm 

UtriBfj 5^fy -/-e(±, KfiBttf^®*7'- * &0 f Rttffcir«7'- * ** 

im&s. 1 2 1 

T-9 t LXJBL&-T&AT v-fh^ 
Itrffin # y h SftflUBIIfftf- 9 fc*4 tl2>MmW)ftW@LT- 9 KnjB~?2>m&7>- 9 * 

. ^Lfzm^mmr-9{zMj^ir^mmmmmW}^m^mtm^^t Lrmtan 

l 3 ] 

Chant's Rife* 

■zti<etuzo\,*x&j&frn&*mM. u R^mmm^mz&^xm 1 k ± 

o 

1 4 ] 
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[lit 15] 
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[Mfl-S 1 ] 
[0 0 0 1] 

-ton*? b KMfcir&mwwttzi$*<DMmfcmm<vm^*ftfc-it. ^<omi^r-^ 

[ft«] 
[0 0 0 2] 

$1 x. HT, A<DW)f?*M> t fe-eSS-C £ a n # y McHI" * t 1 T tt „ *lflf#* f -t > 

[#*KF«\fclft 1] Y. Kuniyoshi if?) "A robotic approa 
ch to the foundation of communication 
and symbols" tit SfiSEfc :Proc. of 12th World 
Congress of Applied Linguistics (AIL A' 9 
9), 9 4 Jt , 1999 ^3Ht 

[^feafcfclR^ ] T. Inamura, Y. Nakamura, H. Ezaki 
I . T o s h i m a M<£> "Imitation and primitive sy 
mbol acquisition of humanoids by the i 
nteg rated mimesis loop" tM-f&$m3C : P r o c . of 
Intl. Conf.on Robotics and Automation 
(ICRA 2001), 4 2 0 8I-4213I, 2001 ^Wff 

[0 0 0 3] 

SiKutfy htrMm-tZ o L*L.*5&»&f£3W)#tfcTNi % fl^ Mc 

[0 0 0 4] 

K -fe y -9- * L r is < -j&^o & v» n sj? y h oigi&^S *Htti- 

[0 0 0 5] 

[0 0 0 6] 

y h WKIfc^ffi * * £ & * o 
[0 0 0 7] 

[0 0 0 8] 

[0 0 0 9] 
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10 0 1 0] 
[0 0 11] 

[0 0 12] 

120^7? y-cii, m??wttziiz<DMim^ffifc<vW)fttm emit* s-^fc t%<o 

zvmmsi ri&«j fciifsio^^y/^tt^wtracfew-ct <tv^\_ii) 
lao^xawitfcJtL (w&;t&fc> rat»9f^ra J.orat«i^*tTV* 

m^xfti&Ltzi><D*?, *<Dmftys<DAi&mr'&2>o z.<Dm&m&-T~?i$, mwm&T 

4fc*i#&»±* tt*T?*«J, 9«>v>-r*t^J: OJR^Ufet 

[0013] 

?'-*<Z>#5&»K£fl5#*tfcrt t- r£*o ii-eiHA3S5&*^t**3t5l*Ktt. MJ^^ 
0 4$&o*«M£«oi»J*s, «t^*fi&<&3S»>ttiU*£\ »«5-fra-*^ffi«>ra**^ 

[0 0 14] 

x.rfp^ t^tta[o»«ae3E3EiB*T'- * r *> j: v> 0 i turner- 9 

[0 0 15] 
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[0 0 16] 

7- v7x&, vmtmwi&T- ? K&t tizwjftmi&r-'nzttfc-fzwi&T-* 
im^n^m^^tm^m-mmLx^^m.^m^.r-9 (mmr-*) 

^■mm^mz%m^fix^^m<7)m^r-9 t<D*m\±^ mm<7>m®±m-&^>xmw 

[0 0 17] 

^^A^MnsK-y h K&^X^&WLfc&tfg'^Vte. ^X$>2> 0 Lt^tn**? 

yu-^mzntfy I (D^<Dmf£mzMl&L?zAm<D^<DW)ftU<7>W}& * 

femirzfcmKm&<D*>^timm2titzmi!k*%Lx^z> 0 

[0 0 18] 

r- * *mtet%> Ki,$mwfrfr2> <t ? ^zx-zoxi ttmmzMm-tztzibK 

mm^mzm^^xm i ^^hmk^^tx(o^m^m^^ir^ 

* £ zmmtz Lx&^mz-x%tzkm.M<omiML7*- * v - * tuft'it 

(7 1 ] ^^LTiaHi"* y^) o 1r%t>-t>Mz.lZ, 15,0 

0 0&^Itfi>7 , -*^a&<i> t LizWi&iZ^ 10ta«±^^L/;tt^i:, 15 
, 0 0 0 JjfcfrOMftT'- * £ 1 0®«<£>±/&^£~<>:K. ££»rf!^ 
LtMif; 1 oaaoMftT'-^ V-X (15, 000X10 = 150, 0 0 O^fc^ 

m&r-tiznm) t Lxtzm-r&o mi%T-? y~^(D^^K.tz^mi^r~9n, 
^ti^frmmumm^^tHfcitvbtixmMztix^&o kl^^ki*, 

■tZo mvtmnr- & mmm^^z^.m.mm<7)m^m<om^^mi^mmr- 

> c\<DmkMM<of&&j&<vmt£z>Mvm&T-- * tz^^x±mfrn&*>k!b. c\<d±j&%- 

£j&frzt<D^mfrw&*mmizLxmMfc$kfr-f'3Mm-$tt2> 0 zwziiz-tz tmm 
2tLx^2>ir'<x<Dwmir-? tmftm&r-? t^m^-t^m^tit-<x, m&tt&t 
&z>mi&T~9<D®L*&% < -r&c ttfx-z 2><dx, m&nm <x-$-&m& *# *> ti 
h o % £ mm iz l xwiftmiMir- * t m&m vmm.'vm&T- 9 <nwmM 

«r«5et. mzmumiz&^^xmrewi&T- * iznfo-r zmwir-* *mtetz> <t *> \z 

mm LxmMm<omM*?f 9 1 . n^o^iitjs^^tf ^> - 1 &x z % 0 

[0 0 19] 
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[HE 

[0 0 2 0] 

(Dmwmnwi&zn&tznx^ *>^*&m-t2>zt%:<, z^mvtmttztew&Mtm 

[0 0 2 1 ] 

jsit mm * #m l t o o^js <^> mm k o t & h 1- & 0 

[0 0 2 2] 

(^a^^-t)-ti-^if<7>/F^^M7& s S)^>^ £&mhtiX^& (Y. Uno, K. Kawa 
t oS^R. Suzuk if(7) "Format ion and control of 
optimal trajectory in human multipoint a 
rm movement— minimum torque — change model" 
t*t4ii:Biological Cybernetics, 61, pp. 89-1 
0 1, 1 9 8 9. ) o — MIR*&vMi#|R*^ 9HJ:4 t h¥*i?> 3 &7dB#tf££fc 

v>& 0 Wl^t)Wx.li\ g^S#^##:^<75^1ib«. (R. Pf e i 

fer, "Dynamics, morphology, and materials i 
n the emergence of cognition, "In Advance 
s in Artificial Intelligence, ed.W. Burga 
rd, A. B. Cremers, and T. Christaller, P r o c. KI 
-99,23th Annual German Conference on Art 
ificial Intelligence, 1999.) (Djf&tf, MWifc53if2>7F& 

[0 0 2 3] 
[0 0 2 4] 

•the 

[0 0 2 5] 

sin, ^m^^m§kLtz^mn<oMmx*mm<Dn$it^h^<D0r^u^y >/n>k 

x.yzi-yftffimM'bfe*-?) OEfiflW&*jjH"IS-C**o 4U£©^j||n#7h^v 
KOffiBli, &M2 003-11787 3 3* 3 *ITV>& 0 Z<Dg-f£u#y 

V 1 <D&MBV' ii IW)WLm&> m$£V>ftW-1fc-t>* 1 2 0° l*Jfl-3^ s 6 0° -e&£o 

tt#5$Mffl, #JH{i^2Blt5nmKlLTfi 1 t>tL. ft 2 Hffi*>irf&l&Htt 1 1 2° 
ftlTOti*07/l 0^ *3M»li5/7»fc4oTv»4. itoHPflfi^ 

A*fL»li*©- 1 2. 8/1 5fTT*ab*K 3 1. 3/lf^otv^ 
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[0 0 2 6] 

, N -_ (-r^^n-g— 3&*B11$tLfcJBifciMI3*^LT, £-7^^-* 2 * 
K3Mt&«BE*gMfc3*St k^o #7^fax-^ 2 -f V > > 

©fcWoflifc:, ffitlJif:ffflti^. 0 #Hflftf>aKtiif»HU ^fc^LTfl^MB**** 

0 Jt^a-^eflsO^-jSMfett 16 [Pulse/Revolution] t?**o *B*>Wi 
H!»©*V3-^Ktti*i*Jtl/4 0 0 0*'7 fc^LTfclK jftltdWMItt 6 4 0 0 [P 
u 1 s e/R evolution] ttt&o *<F>tfa<D3-V 3 - ^fcttttjfcJfc 1 / 5 0 0^ 
7*^LTi5iK tfcjtfl^lfitt 8 00 [Pulse /Revolution] 
[0 0 2 7] 

-e-Cl-Cs ^ff^©XJ»t (i«7^fix-^j|^ 
miE) **-^Jc:#iL-CMfijIABEOJE&»*fFtt«:SIo^o H 3 3 C £ 

[0 0 2 8] 

[&i] 

V(t) = .spnj (o y • (|0 d (t)l - *>U )) 

[0 0 2 9] 

CI it?, sgnj ItmmJBLtfWmmz l , -lOttfcfc^-l&HS:, V (t) !4B#2alt 
fca3»t*45-M»^<0ft-4HKEE0U 0d (t) ti^m^J^ffi^ > H^^»J t 

[0 0 3 0] 
[^2] 

= WjCau- (|0 d (t)| - + /(5d(t))) 



[0 0 3 1 ] 
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[0 0 3 2] 

ho z<OT-9 Kit, ^SJg^ftOHttW^Sr^'tCL-Cttl 6®M^4S 

t'^tltLTfi[a-fe>-9-75> ? '(ixibtL7t#^ : Sr^L-CV^ 0 ^#fi«j^t± % Virtual t 
echnologie s*±M?>c yberglove (M) ftf-^n-yt Ltffl 

P I P (S£ft^t&fflMfi&) i:-ofo, JtJiKUMP, PIP, DIP (j&titfiffflHgi?) 
Cov^is »K TT'^S' a ^ftttiirf** *"9- 

t-etti 6 4-mKWiW.Ztix^ 5 i±*ti**iwm (x>-ffr) Bt*&M1l\*'C6 
0-8 OHz-etUAtafttt^Ltv^o ^<7)4"*^^®$tLTv^-t>'^5{i^# 

[0 0 3 3] 

Lfcf - 9 9* X *) f- U £ tiftitlMiiKS* 9 ii^}§In# 

gjfp ft n aj? y * KT?*m« o 
[0 0 3 4] 

IfyfA, 3-^> n-^afcSS&Stu — JMft$£!Ub£:») 1 0 0 Of- tt 
[0 0 3 5] 

[0 0 3 6] 

^afe****^***** ^iT-filll«Wffic7)T'-^ft^#1-^/iie)^7 :, -^^n--r 
§^#tt^»£i&fcl$3&?!)l««tfi&'** r ~ > KifcoTIHWfcS^'lit&ffitt** 3 KA# 

oT> r-9 9-u-7*mML*:%ift%fcl*, 7*- 9 LttKH^X. ft 

$]L£f-*^n-^40ffi;frfcftMK,EWcn*-<;> KOI**9IIH«fAi£^^- * 

[&3] 



(C n , 6 n0: &n14) = /(2/n(*) 5 «o(*), *1 (*), *14 (*)) 
[0 0 3 7] 
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t) ttusj?y K<7>B#^JB5gp^Jg/N'^->tr*>)> xo (t) , xi (t) , —, 

[0 0 3 8] 
[&4] 



0d(*) = Cn+ S Vj*nj(<) 
[0 0 3 9] 

[0 0 4 0] 

8c) <DM%S*%1r2>g>1%utfy K 1 &fflMirZ> i><Dt-T2>o f Uf-^^n-y 
4ti, MW#©¥fc§Mf3*l.TitfW©^l&SlC^£Tn« (nttjE<E>SES0 Offi^J-te 
-S-x n* ft** *«JfcLTV>& 0 £©£#n#y KO«y»i6«li, 

*J-JSM#*J£¥g: 6 fcWflfifH^g:7 k*«itrv>*o *NSH«8W£#«6 »i, kli 

^^614, B#^JH»fc«^*->ffi«¥f!:6 It. >^S6 2 fc, til 

0lf#^StB¥^6 3 t> fiB»:*ftS££«: 6 4imtv>4 0 
[0 0 4 1] 

t>yj>^6 3tt, k'fScDPgtS (£|£fc»±7**-*J.-* 2) K**t-W?«>5£ 
*fcl$^JHfi5aK'<* 6 1 ^SBItLfel^^JHWAaE^^-^^oTH 
*A*»^»*X*L-C^»n#y Ys\y K 1 fcSfcffcS^fcttlffifcfct'^ h 
Kl i:f 9 «£ d SrSftLfctltnflOWAfcf 

xn^^K-mll! (mli n «fc *) v>jE<BSE«0 -f^'J ^^i"*o tJ'^'JV^S 
6 2lif>^'J ^^*IH*&i-*l«rK:i**y«IH«fAJK^^->IB«¥S6 1 
li>*?IIM»A*^^->C»«6 1 ttKttiS*3 t'^ ^je^feHfiffAK^ffiSrW^-t- 
[0 0 4 2] 

[0 0 4 3] 

MlfAftg#S6 4, #@JS#ScStti¥©6 3#£afckffl©H»£©«III»«8c4- 
[0 0 4 4] 
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[0 0 4 5] 
[ft5] 

HANDi = ao[n] + 2 ai [n] * GLOVEi [n] 



[0 0 4 6] 

±IB*»c^v>THANDtt, #»n#y KHfiif-flt, a fiiiia^^C, GLOVE 

[n] fi n SfiJKOr'-^ ^n--/tB:*K i tt^ftntfy K©HflflR"C**o 

[0 0 4 7] 

H9tt, HI 8 OJtJ£H«*5&#S 6 a > tT* - * fcfflv>T^SH- 

[ft 6] 



yi = aio + a n xi + ai 2 x 2 + • • • + ai n x n 



y 2 = a 2 o + a 2 iXi + a 22 x 2 + • • • + a 2 „x n 



y m = a m0 + a m iXi + a m2 x 2 + • ' ' + 
[0 0 4 8] 

[0 0 4 9] 

^cat ^ysT 2*ia,tn 7*-****^* Y^t^fm^^xmm-t^ y= [H 

9 X$>2>o 
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[»7] 



yi 



y = 



xl 
x2 

xn 



a a an * * * au 
a« 



[H] = 



a raa 



[0 0 5 0] 
x--([H] t [H]) 1 [H] t y 



[0 0 5 1] 

^f^ST4*(>, t^ifScu ( [H] 1 [H] ) 

fc^is^^jp^o-c ( [h] ' [h] ) (= [a] ) ^M-^<om\mm [b] c 
*v»jftx.fLff. -r*^*., [p] - 1 [a] [p] = [b] *„ 

[0 0 5 2] 

^(:xf y^ST5t x fi^J [A] ©*WA5t© "9 *><£>#&2\Hii&:*:?> *> a k i (= 
a i k ) £il.£o f Lt^C^f y "/S T 6 K33V>T N a k k = a i i = c o s 0 N ak 
i =-s i n 0, a i k = s i n 0 J: i" * JjLtitfr?!l [P] *rffc*o 
[0 0 5 3] 

[&9] 



1/2 arctan (2aki / ( akk - an)) akk * au 
j^sign (au) /4 akk = au 



[0 0 5 4] 

fc/su ±!B^:^i5v>t:k< i t*** 0 

[0 0 5 5] 

#K*7^^ST8~^iiA,-r\ [P] 1 [A] [P] fcffitLT#rLV> [A] fc-T* 
o ^f^ST9t, ffm [P3 ©»*fcH*^* h^VfcTfB©^**)*., 
[Sfcl 0] 

v = [P] 1 ^) [P] Vd 1 • • [ p ] l (2) [PIO) 



[0 0 5 6] 
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tztzL, ±mmz&^X [P] 1 ( n ) (iNESO^m^ffl^^fT^iJ [P] T-£*o 
[0 0 5 7] 

WzXTvyST 1 O^titl*. [A] Ofc*O##£IHIMXm^#< 0. OOOlfc 
[0 0 5 8] 

, Mli (A lf A 2 , -A„) £ (1/ (Ai+u) , 1/ (A2 + u) , -1/ (A„+u 
) ) tU£&Z--Cmm ( [H] 1 [H] ) -^^Mo 
[0 0 5 9] 

<IU ( [H] 1 [H] ) - 1 = [U] [A] - 1 [U] 1 Xhho tit** h^u i it [H 
] 1 [h] om^f^? hfl/-e**o [U] = [ui, ua, -un] -e&& 0 CA] 

[mil] 



o 0 o • • • o 

l/Ua+u) 



1/(An+u) 



[0 0 6 0] 
[0 0 6 1] 

_hf B 7 n - * - h *> T =r V X A nft x. 41 0*§#$c =Sr^tB i" * * fc**_*i6 
[0 0 6 2] 

^_^^n-y4 0**0 , 1r>"9-5 0ffl*Kafe^V>T«lf^»'4H»^tt1l (6, 7) t&*»^ 
[0 0 6 3] 

B2<DXTv7-Cte> mi l^tiTC, J|L|OW>?*fcl±WIR* 
IxoTU^ ft*?>ffoT4 «tv> 0 Ell ¥Ht r^*-J «>3&*f&ofcJtfc 
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[A] 1 = 



l/Ui+u) 
0 
0 



#M 2004-173268 



^-y: 11/ 



[0 0 6 4] 

ffcflM*-fB«#K 1 1 Kifiirr&o fc:U*0|-CW\ BH«J*JStt^»^E«#e 1 1*4, *K 

izmmvtzwmsi>f-e% < > p#^jT^#t^w^)®^7'-^ p d i tt«f-^p 

^frJR^i&^^tf^^liftx*- * P D n fc#Jfci-**tMX*U»flM**fc 

{4\ v>H«f'- *KJ:«JJ:»J£< outfit- * fc *«rJR*«iflP»'fr i: ©*t(&f- * £ 

[0 0 6 5] 

g§ 1 ^<bH3 ft^77 7{4, n**y h/NV KfrEIH~& tz#><D^1$tffeftit 

lflMB (2 0O7H) gJKoKcoWflll^d&Rk**^ i^i9l^>ea 

h 7& ? *t? |SCG V7 b ")-i-7t L "C t4 TPoser 5 (Curious Labs Incorporated!^) J 
iWKfc^Uo £«5V7>9i7tffiv»*ilf, T , -^^n-7{±Jtl^'b#'btL 
fc N ft f- * ^ ?> > ftft L 2 &7cWffe t Ml L. fc 3M CGIMffi 

;Hf X {4 5 kBg m "C & 4 o 
[0 0 6 6] 

v» 0 0 8^tJ:?^ ^©fOlff-^t*^ 9 1 2 *fflv»TI**y!l"t?n>K y b 
S&'ftJlItffcT'-* t LTSfc#1-£o i«n**y hMB«f-^ (SbfpWtr'- ^ ) i4 
, n,fy bl&fisfl§lifft7'*-* r 3B1Si£1ll 3 fc|Btt$*L*o fUi5^T7 7*TN4, n 

»4 , n*f*- * ^JSLxm^^&mm Htff% - -c- a > n ** y y wiftm mm 

A(4H1 1 2 t^-Tii«3t?**o 
[0 0 6 7] 

jj»t?|5 0 lft^c»^fiieffil»RI»Ctov>-CI±, 1 9 9 3 ^»ff 0*»Wflf**-&. j 9 5 

7S)i2 6M7!7^i 4oc [mbi>^mwM<otztf><r>mn^^<DjBmk'mi- ^>w^ 

HHft*«v>ft, MlBrtO«'SftlS««: f (r) N*a5ffiHH«fett3Mt;frlR] ( 

al, a 2, -an) KMLX^^X ? fcj£&$*L*o 
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